Introduction
Investigation of porphyrins, that are widely present in the nature, is often carried out with the use of their synthetic analogs as model compounds. meso-Tetraarylporphyrins 1 containing different substituents on the phenyl rings can be easily prepared by condensation reaction of pyrrole with corresponding benzaldehydes in the acidic media. [1] [2] [3] Unlike natural species, meso-tetraarylporphyrins don't have any alkyl or pseudoalkyl substituents in the β-positions of porphyrin macrocycle but, oppositely, have aryl rings in the meso-positions which can contain different active substituents allowing their further structural modification. On the other hand, β-octaalkylporphyrins 2, being also available, contain no active groups what makes difficult their modification. That's why the porphyrins, combining the advantages of these two classes of porphyrins (i.e. 5-aryloctaalkylporphyrins 3) are of great interest.
Presently several synthetic methods for 5-aryloctaalkylporphyrins 3 are known. One of the approaches is condensation of meso -aryl-3,3',4,4'-tetraalkyldipyrrolylmethanes 4 with 5,5'-diformyl-3,3',4,4 '-tetraalkyldipyrrolylmethanes 5 in CH 3 OH or CH 2 Cl 2 under the action of strong acids (HI, HClO 4 or p-toluenesulfonic acid) [4] [5] [6] [7] [8] [9] (Scheme 1). In this reaction atmospheric oxygen or derivatives of benzoquinone with electron-withdrawing substituents (p-or o-chloranil, 2,3-dichloro-5,6-dicyanobensoquinone (DDQ)) act as oxidizers of the intermediate porphodimethene 6.
In a similar manner 5-aryloctaalkylporphyrins can be obtained by condensation of meso-aryl substituted dipyrrolylmethanes 4 with hydrobromides of 5,5'-dimethoxymethyl-3,3',4,4'-tetraalkyldipyrrolylmethenes 7 in refluxing benzene with following oxidation of the intermediate product 8 by benzoquinone derivatives (Scheme 2). [10] Scheme 1. 
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However this method is complicated by the formation of rather great quantity of octaalkylporphyrins unsubstituted in meso-positions. [10] Another method widely used in the synthesis of 5-aryloctaalkylporphyrins 3 is the condensation reaction of benzaldehydes with 1,19-unsubstituted biladienes-a,c in alcholols catalized by acids [9, [11] [12] [13] [14] or bases [15] (Scheme 3).
Scheme 3.
The goal of the present work was optimization of syntesis of 5-aryloctaalkylporphyrins 3 by condensation of biladienes-a,c 9 with benzaldehydes. The condensation reaction of dihydrobromides of 2,3,7,13,17,18-hexamethyl-8,12 -diethylbiladienes-а,с 12 (R = R 1 = Me; R 2 = Et) and 8,12-dibuthyl-2,3,7,13,17,18-hexamethylbiladienes-а,с 12 (R = R 1 = Me; R 2 = Bu) with benzaldehydes was chosen as a model reaction (Scheme 4).
Experimental part
The UV-vis spectra were recorded on Lambda 20 spectrophotometer.
1
Н NMR spectra were measured in CDCl 3 on Bruker AC-200 spectrometer. The purity and individuality of substances were established by thin layer chromotography (Silufol). The data of elemental analyses corresponded closely to the calculated values. 3, 3'4, 4 '-diethyldipyrrolylmethane 11a (R 1 = Me; R 2 = Et). The mixture of 5,5'-dicarbethoxy-3,3'-dimethyl-4,4'-diethyldipyrrolylmethane [16] (5 g, 13.4 mmol), KOH (5 g, 89.3 mmol) and ethylene glycol (50 ml) was refluxed during 1 hour. Then the solution was poured into 200 ml of water; the precipitate was filtered, washed with water and dried at room temperature. Yield 2.7 g (88%).
Syntheses
3,3',4,4'-Tetramethyldipyrrolylmethane 11a (R 1 = R 2 = Me) and 4,4'-dibutyl-3,3'-dimethyl- dipyrrolylmethane 11a (R 1 = Me; R 2 = Bu) were prepared in the same way using 5,5'-dicarbethoxy-3,3',4,4'-tetramethyldipyrrolylmethane [16] (yield 89%) and 5,5'-dicarbethoxy-4,4'-dibutyl-3,3'-dimethyldipyrrolylmethane [16] (yield 91%), correspondingly. 3'4, 11b (R 1 = Me; R 2 = Et) The solution of 5,5'-dicarbethoxy-3,3'-dimethyl-4,4'-diethyldipyrromethane [16] (5 g, 13.4 mmol) and potassium hydroxide (5 g, 89.3 mmol) in MeOH was refluxed during Scheme 2.
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was purified by column chromotography on Al 2 O 3 (Brockmann III degree, eluent-CHCl 3 ). The first fraction containing porphyrin was collected and its volume was reduced to 5 ml solution, and the porphyrin was precipitated by methanol (30 ml). Yield 113 mg (52%).
Method B. To the solution of 4,4'-dimethyl-3,3'-diethyldipyrrolylmethane (1.1 g, 4.78 mmol) and 2-formyl-3,4-dimethylpyrrole (1.2 g, 9.76 mmol) in MeOH (50 ml) conc. HBr (3 ml) was added at stirring. The mixture was stirred at room temperatrure for 1 hour, then benzaldehyde (5.8 ml, 57.4 mmol) was added. The resulting solution was heated and refluxed for 4 hours. After cooling aqueou NH 3 solution (3 ml) was added. The precipitate was filtered, dried, dissolved in CHCl 3 and purified by chromotography on Al 2 O 3 (Brockmann II degree). The porphyrin fraction was concentrated and the product was precipitated by MeOH. Yield 1.2 g (48%).
The other porphyrins with electron-donating substituents were prepared analogously (Table 1) . -2,3,7,8,12,18-hexamethyl-13,17 diethylporphin 13 (Ar = 4-PhNO 2 ; R = R 1 = Me; R 2 = Et).
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Method A. The mixture of biladiene 12 (R = R 1 = Me; R 2 = Et) (0.25 g, 0.415 mmol), 4-nitrobenzaldehyde (0.75 g, 5 mmol), HBr (0.5 ml) and BuOH (50 ml) was refluxed for 4 hours; then iodine (0.05 g, 0.20 mmol) was added and the mixture was allowed to reflux for 15 min more. Then the mixture was poured into 200 ml of water, BuOH was distilled away with water steam. The precipitate formed was filtered, washed with water and dried at 70°C. Dry product was dissolved in CHCl 3 and purified by column chromotography on Al 2 O 3 (Brockmann III degree, eluent-CHCl 3 ). The first porphyrin containing fraction was collected, reduced to 5 ml solution and the porphyrin was precipitated by 30 ml of MeOH.
Yield 90 mg (38%).
Method B. To the solution of 4,4'-dimethyl-3,3'-diethyldipyrrolylmethane (0.6 g, 2.6 mmol) and 2-formyl-3,4-dimethylpyrrole (0.64 g, 5.2 mmol) in 30 ml of BuOH conc. HBr (3.0 ml) was added at stirring (the precipitate of biladiene has been formed). After 40 min 4-nitrobenzaldehide (2.0 g, 13.2 mmol) was added and the resulting mixture was refluxed for 4 hours. Then the mixture was cooled, diluted with water, and BuOH was distilled away with water steam. The precipitate was filtered, washed with water, dried on air at 70°C. The product was dissolved in CHCl 3 and purified by column chromotography on Al 2 O 3 (Brockmann II degree, eluent-CHCl 3 ). The eluate was evaporated and the porphyrin was precipitated by MeOH, filtered and washed with MeOH and dried on the air at 70°C. Yield 0.52 g (35%).
The other porphyrins with electron-withdrawing substituents were prepared analogously (Table 1) .
Results and Discussion
The initial biladienes-а,с 12 (R = R 1 = Me; R 2 = Et) and 12 (R = R 1 = Me; R 2 = Bu) were obtained by condensation of α-unsubstituted dipyrrolylmethanes 11a (Х = Н) or their 5,5'-dicarboxy derivatives 11b (Х = COOH) with 2-formyl-3,4-dimethylpyrrole 10 (R = Ме) in CH 3 OH in the presence of HBr as an acidic catalyst. 5,5'-Dicarboxydipyrrolylmethanes 11b were previously obtained by hydrolysis of 5,5'-dicarbethoxydipyrrolylmethanes 14 in КОН-CH 3 OH solution; and 5,5'-unsubstituted dipyrrolylmethanes 11a were prepared by hydrolysis of 14 accompanied by decarboxylation in solution of KOH in ethylene glycol (Scheme 5). The both derivatives give biladienes-а,с with practically the same yield. It should be noted that the carboxy derivatives 11b are quite stable and can be stored for some 4 hours. Then the mixture was poured into 200 ml of water and slightly acidified by 5% HCl. The precipitate was filtered, washed by water and dried at room temperature. Yield 3.8 g (89%) . 5, 3', 4, -methane 11b (R 1 = R 2 = Me) and 5,5'-dicarboxy-4,4'-dibutyl-3,3 '-dimethyldipyrrolylmethane 11b (R 1 = Me; R 2 = Bu) were obtained in a similar way using 5,5'-dicarbethoxy-3,3',4,4'-tetramethyldipyrrolylmethane [16] (yield 92%) and 5,5'-dicarbethoxy-4,4'-dibuthyl-3,3',4,4'-tetramethyldipyrrolylmethane [16] (yield 87%), correspondingly. 2, 3, 7, 8, 12, 13, 17, ,с dihydrobromides 12.
Method A. 2, 3, 7, 13, 17, с dihydrobromide 12 (R = Me; R 1 = Me; R 2 = Et). Concentrated HBr (2 ml) was added into solution of 5,5'-dicarboxy-3,3'-dimethyl-4,4'-diethyldipyrromethane (3 g, 9.43 mmol) and 2-formyl-3,4-dimethylpyrrole [17] (2.3 g, 18.9 mmol) in MeOH (50 ml) and the mixture was stirred 1 hour. The dark-violet crystal precipitate was washed with MeOH, ether and dried at room temperature. Yield 5.1 g (90%).
The same procedure was carried out for the syntheses of 7,8,12,13-tetramethylbiladiene-а ,с dihydrobromide 12 (R = H; R 1 = R 2 = Me) from 5,5'-dicarboxy-3,3',4,4'-tetramethyldipyrrolylmethane and 2-formylpyrrole (90% yield) ; 7,13-dimethyl-8,12-diethylbiladiene-а ,с dihydrobromide 12 (R = H; R 1 = Me; R 2 = Et) from 5,5'-dicarboxy-3,3'-dimethyl-4,4'-diethyldipyrromethane and 2-formylpyrrole (87%) ; 2,3,7,8,12,13,17,18-octamethylbiladiene-а ,с dihydrobromide 12 (R = R 1 = R 2 = Me) from 5,5'-dicarboxy-3,3',4,4'-tetramethyldipyrrolylmethane and 2-formyl-3,4-dimethylpyrrole (70%) ; 8,12-dibut yl-2,3,7,13,17,18-hexamethylbiladiene-а ,с dihydrobromide 12 (R = R 1 = Me; R 2 = Bu) from 5,5'-dicarboxy-3,3'-dibutyl-4,4'-dimethylpyrrolyl-methane and 2-formyl-3,4-dimethylpyrrole (85%).
Method B. 2, 3, 7, 13, 17, ,с dihydrobromide 12 (R = Me; R 1 = Me; R 2 = Et). 4,4'-Dimethyl-3,3'-diethyldipyrrolylmethane (2.6 g, 11.3 mmol) and 2-formyl-3,4-dimethylpyrrole (2.8 g, 22.8 mmol) were dissolved in 70 ml MeOH at stirring, then conc. HBr (3.5 ml) was added. The mixture was stirred for 1 hour at room temperature. The precipitate, containing biladiene, was filtered, washed with MeOH and ether and dried. Yield 6.2 g (91%). UV-vis λ max (CHCl 3 ) nm (lgε): 451 (4.77), 521 (5.15).
The same procedure was carried out for the syntheses of 8,12-dibutyl-7,13-dimethylbiladiene-a ,c dihydrobromide 12 (R = H; R 1 = Me; R 2 = Bu) using 4,4'-dibutyl-3,3'-dimethyldipyrrolylmethane and 2-formylpyrrole (yield 71%) ; 2,3,7,8,12,13,17,18-octamethylbiladiene-a ,c dihydrobromide 12 (R = R 1 = R 2 = Me) from 3,3',4,4'-tetramethyldipyrrolylmethane and 2-formyl-3,4-dimethylpyrrole (72%) ; 8,12-dibut yl-2,3,7,13,17,18-hexamethylbiladiene-a ,c dihydrobromide 12 (R = R 1 = Me; R 2 = Bu) from 3,3'-dibuthyl-4,4'-dimethyldipyrrolylmethane and 2-formyl-3,4-dimethylpyrrole (84%). UV-vis λ max (CHCl 3 ) nm (lgε): 452 (4.79); 522 (5.10). 3, 7, 8, 12, time unlike to unstable α-unsubstituted dipyrrolylmethanes 11a, which should be used immediately after their synthesis. However, the preparation of the latter is more simple to execute experimentally. We have found, that condensation of biladienes-а,с 12 with benzaldehydes proceeds with best results in alcohols (Table 1 ). The addition of mineral acid (HBr), which should suppress the porphyrin formation, on the contrary, increases the yield of 5-arylporphyrins 13, whereas the presence of the base (pyridine) decreases the porphyrin yield and the corresponding corrole 15 is always formed (Scheme 6). The ratio of porphyrin and corrole yields seems to be determined by relative rates of these competitive reactions. The proceeding of the reaction in acetic acid, as well as in chloroform, decreases drastically the porphyrin yield. In the highly polar solvent such as DMSO no porphyrin formation is observed. The addition of oxidizer agent to the reaction mixture influences the yield of the product as well.
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The study of the conditions of condensation reaction of 12 (R = R 1 = Me; R 2 = Et) with p-anisaldehyde (Scheme 4) has shown that the yield of porphyrin 13 (R = R 1 = Me; R 2 = Et; Ar = 4-methoxyphenyl) is increased with the reaction duration; but after the 4 hours the yield is diminished possibly due to the oxidation processes which begin to dominate over the porphyrin formation (Figure 1) .
It was found that the highest yield of porphyrin 13 is observed when 12-fold excess of benzaldehyde over biladiene-а,с 12 is used (Figure 2) . So, the large excess of benzaldehyde is needed to suppress the formation of corrole 15 (R = R 1 = Me; R 2 = Et).
So, the optimal conditions for the synthesis of porphyrin 13 is condensation of biladiene-а,с 12 with 12-fold excess of benzaldehyde in MeOH during 4 hours in the presence of HBr addition and the equimolar quantity of iodine as oxidizing agent.
We have also studied the influence of position and electronic effects of the substituents in the benzaldehydes on the yield of porphyrin 13. It was found that the highest yield is observed in the case of p-substituted benzaldehydes. The decreasing of yield, when o-substituted benzaldehydes are used, is explained by the steric factors of o-substituents in the condensation reaction. The decreasing of the porphyrin 13 yield in the case of some m-substituted species is still not fully clear (Tables 1, 2 ). The use of benzaldehydes with electron-withdrawing substituents results in drastic decreasing of the porphyrin 13 yields and formation of corroles 15 as by-products. However, the reaction in more highly boiling butanol enhances the yield and allows to avoid formation of corroles.
Using the methods devised we have also synthesized the porphyrins containing four alkyl substituents in the β-positions of the porphyrin macrocycle 13 (R = H) (Scheme 4). The yields of these porphyrins is much more lower then of their octaalkyl analogs 13 (R = Me), which can be connected with the decreasing of the electron-donating influence of alkyl groups.
The yields and some properties of the obtained porphyrins 13 are presented in Tables 2 and 3. The long-wave shift of ca. 4-5 nm of all bands and considerable decreasing of intensity of I and III bands are observed in the UV-vis spectra of porphyrins 13 (Table 2) if compared with that of octaalkylporphyrins unsubstituted on meso-positions. This can be caused by electron-withdrawing influence of aryl substituent or porphyrin macrocycle distortion owing to aryl substituent.
Since synthesis of dihydrobromides of biladienes-а,с and their following condensation proceed in the similar conditions using alcohol as the solvent, we have carried out the one-pot synthesis of porphyrins 13 using dipyrrolylmethanes and formylpyrroles without isolation of intermediate biladienes-а,с. This approach allows simplification of the synthetic procedure and reduces the reaction time with practically the same yields relative to the initial reagents. 
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